A microorganism resembling an Actinomyces species was found to be a numerically predominant inhabitant of various organically rich soils. This organism forms a hyphal-like structure with true branching that fragments into gram-positive diphtheroid and coccoid elements. Its cells ferment carbohydrates and contain both lysine and ornithine as the major basic amino acids of the cell wall. It is catalase-negative, microaerophilic to aerobic, and sensitive to lysozyme, and it is dependent on an organic nitrogen source and incubation at 30 C for optimum growth. Based on these characteristics, a new species, Actinomyces humiferus, is proposed. The ecological and medical implications of a large soil population of this microorganism are discussed.
The genus Actinomyces includes those microorganisms which are facultative to anaerobic, require CO2 for growth, ferment carbohydrates, grow best at 37 C, have cell walls containing lysine as a major basic amino acid, and form a mycelium with true branching that fragments into diphtheroid and coccoid elements (24) . These microorganisms occur among the normal bacterial flora of the oral cavity, and they have been associated with various pathological conditions in warm-blooded animals (2, 12, 13, 17, 18, 23, 26) . In contrast, their presence in soil and similar natural sources has only rarely been noted (3, 19, 20, 29) .
By employing a modified dilution-frequency isolation procedure (6), we have now demonstrated that an Actinomyces-like organism constitutes a numerically dominant population of certain soils. Although this organism possesses certain major characteristics in common with those presently ascribed to Actinomyces species, it differs significantly in other important aspects. The present communication, therefore, describes various microbiological properties of our isolates, and recommends that they be designated as a new species, Actinomyces humiferus.
MATERIALS AND METHODS
Except where noted, the methods employed in this investigation were those used previously (15 (15) were collected from many locations throughout the United States, and they ranged from organically rich to barren desert soils with pH values from 3.8 to 9.1, moisture contents from 0.7 to 51.9%, and organic matter contents from 0.6 to 25.2%. The modified dilution-frequency isolation technique of Casida (6) was employed for isolation of the Actinomyces-like organism described in this study.
Acid products resulting from glucose fermentation were analyzed by gas chromatography. For this determination, the volatile and nonvolatile acids were extracted from the medium (21); then the volatile acids were regenerated from their sodium salts by adding 4% aqueous phosphoric acid containing 5% formic acid (7) . Separation and identification of the volatile fermentation acids were accomplished by direct injection of aqueous solutions into a model 5300 BarberColeman gas chromatograph with a hydrogen flame ionization detecter and containing a stainless-steel column [6 Lactic acid was also determined colorimetrically (22) after extraction from the medium.
RESULTS
Occurrence. An Actinomyces-like microorganism was isolated regularly from soils with organic matter contents of 6.5% or greater and pH values ranging from 6.4 represented a numrially predominant segment of the bacterial flora, since they were recovered from those soil dilutions 1 and 2 logarithmic units beyond the dilution range for platable microoranisms (6) . Attempts to isolate this o from a wide variety of soil types by the use Of Pigment production has not been observed for either smooth or rough strains.
Oxygen requirements and growth characterization. The soil isolates were microaerophilic to aerobic. Growth in thioglycollate broth was restricted primarily to a distinct band of finely granular or flocculent consistency at or just below the interface between the oxidized and reduced zones, with comparatively less growth in the oxidized region. Growth in Heart Infusion Broth containing 0.08% agar also occurred mainly as a diffuse band 0.5 cm below the surface of the medium, with decreasing turbidity at higher and lower regions of the tube. In Heart Infusion Agar shake tubes, maximum growth occurred in the upper 1 cm of agar, with isolated light patches of growth in lower portions of the tube. A white granular-to-flaky sediment of growth without turbidity was produced in Heart Infusion Broth. Growth was not observed under anaerobic conditions, and the development of all strains either was not affected or was inhibited by the presence of an increased CC2 bation. X 650.
The pH range for optimum growth in media no. 1 and 2 was 7.2 to 7.5. The optimum growth temperature for all isolates was approximately 30 C, and this value did not change during continued cultivation on laboratory media. At initial isolation from soil, all strains were unable to grow at 37 C. However, after prolonged laboratory cultivation a few isolates did display feeble growth at this temperature, although successive transfers at this temperature resulted in death of the cultures.
Biochemical characteristics. As may be seen in Tables 1 and 2 they displayed a dark central area (Fig. 6 ). Rough-colony variants observed occasionally were irregular and heaped, and they were smaller and more convex than the smooth colonies.
Further cultivation of these variants was possible, but they tended to revert to the smooth form. FIG. 6 . Mature colony at 8 days. X 6. Serology. The five strains examined by the fluorescent antibody approach displayed no serological cross-reactivity with specific antisera to accepted Actinomyces and Rothia species. However, two of the isolates did show a slight positive, but apparently nonspecific, reaction with Bacterlonema antiserum.
Taxonomy. From the results presented above, it is evident that our soil isolates display major characteristics in common with the genus Actinomyces. These characteristics are morphology, nutrition, cell wall composition, catalase reaction, and carbohydrate fermentation. However, our isolates differ from the described species of this genus as regards oxygen requirements, optimum growth temperature, and lysozyme sensitivity. 
DISCUSSION
This study has demonstrated the occurrence of an Actinomyces-like microorganism as a numer- Detailed ecological studies must be initiated to provide answers pertaining to the nutrient source and also to establish if these organisms are as functionally important in soil as their numbers might suggest.
Further study of the relation of A. humiferus to medically important Actinomyces species could eventually lead to a clarification of the epidemiology of the diseases caused by the latter organ-APPL. MIcRoBioL.
isms. It is hoped that with the development and use of additional suitable isolation techniques, such as that employed in this study, other soil Actinomyces species can be isolated which will be of a more anaerobic nature than A. humiferus and better able to adapt to growth at 37 C. The concept of soil as a natural reservoir for infectious Actinomyces species does not seem so remote when one considers the greater prevalence of Actinomyces infections in grazing as opposed to carnivorous animals and rural as opposed to urban populations (30) . LT1ERATURE CITED
